a neurobiologically informed psychopathological assessment. The results showed a surprisingly high proportion of bipolar courses and a pattern of pure and mixed subtypes, which speaks for an overlap of domains with regards to psychopathological symptoms. A limitation of this heuristic and retrospective approach is that it was largely based on clinical judgement. Prospective studies with more rigorous threshold definitions are needed to clarify the neurobiological and clinical implications of the proposed reorganization of psychotic disorders.
Introduction
The nosological concept of schizophrenia comprises heterogeneous courses and outcomes, and the general outcome is less favourable than that of schizoaffective and affective disorders [1] . However, the boundaries between those groups of diagnoses are all but clear, and a restrictive diagnosis of schizophrenia does not seem to predict outcome better than a more inclusive diagnosis [2] . Additionally, the uncritical use in research of modern diagnostic criteria and checklists carries the risk that diagnostic concepts that have come into general use will be reified instead of critically questioned [2] and that a reductionist view of mental phenomena will replace an in-depth, investigative, explorative, and 'modest' (self-critical) description [3] [4] [5] .
Several attempts have been made to establish a course typology of schizophrenic disorders on the basis of clinical judgement [6] [7] [8] [9] [10] [11] [12] . However, such course typologies have been unable to predict treatment outcome and have not been supported by robust data from the neurobiological field, although some of them have been explicitly proposed with that aim [10, 11] .
Recent attempts at psychopathological description went beyond the positive/negative polarity that has been in use since the 1980s [13, 14] and focused on a more system-specific approach. This concept traces back to the Wernicke-Kleist-Leonhard school of psychopathology. For this purpose the Bern Psychopathology Scale (BPS) was introduced by Strik et al. [15] as a research tool with a dimensional approach. The BPS offers additional information and can be seen as complementary to the Positive and Negative Syndrome Scale (PANSS) [14, 16] . In the BPS, symptoms of schizophrenia are grouped into three domains: language, affectivity, and motor behaviour. These domains are matched to the functions of wellknown brain systems specialized in the processing of language [17] [18] [19] , emotions (the limbic system) [20] , and motor planning and execution [21, 22] , respectively. Each domain is assessed in terms of a negative or positive deviation from normal function, i.e. whether it shows hypoactivity (behavioural inhibition/subjective tension) or hyperactivity (behavioural disinhibition/subjective elation) [15] . Recently, a cluster analysis identified six clusters for the system-specific approach of the BPS, consisting mainly of the respective inhibited and disinhibited states of the three domains. This finding supports the conceptual validity of the BPS [23] ( fig. 1 ).
Whereas the BPS was developed primarily as a research tool for cross-sectional analysis with a dimensional approach, the present study focused on longitudinal data about the course of the disease to see whether a new typology would emerge. We performed psychopathological analyses of data from a well-described cohort of 100 patients who met DSM-IV criteria of schizophrenia or schizoaffective disorder [16] , with the following aims: (i) to generate a course typology by using a system-specific approach to describe the long-term course of schizophrenia, (ii) to explore whether subtypes exist that clearly favour one of the domains or whether disturbances of these domains regularly co-occur, (iii) to explore whether symptoms show a unipolar or bipolar (inhibition/disinhibition) pattern over the course of the disease, and (iv) to assess how a system-specific typology relates to pre-existing typological concepts.
Methods

Sampling
The sample has been described elsewhere [16] and is part of the so-called 'DGPPN Cohort', a national collaboration initiative of the German Association for Psychiatry, Psychotherapy and Psychosomatics (DGPPN) to establish a large-scale cohort of psychiatric patients [24] . In short, the sample comprised 43 women and 57 men with a mean age of 39.8 years. Eighty-seven participants had a diagnosis of schizophrenia and 13 of schizoaffective disorder. The mean duration of treatment at the Department of Psychiatry II, Ulm University, was 8.4 years (range 0-34 years); 38 patients had been in treatment at the hospital for 10 years or longer. The hospital has a large rural catchment area, and all emergency admissions and most regular admissions from this area are referred to this hospital. Furthermore, patients tend to stay living in the area. For this reason, we believe that a majority of the patients' psychotic episodes were treated at this hospital. The mean age at first admission was 30.6 years (SD 10.9 years; men 30.0 years, women 30.7 years). Many patients had had symptoms well before first admission and had been treated outside the hospital by general practitioners or psychiatrists or had not received any treatment at all. The number of previous admissions to the department before recruitment into the study ranged from 0 to 56 (mean 7.1). All patients (or their legal guardians or both) provided written informed consent. The study was performed in accordance with the Declaration of Helsinki and the study protocol was approved by the local ethics committee.
Assessment
All patients were recruited as inpatients at the Department of Psychiatry II, Ulm University. They were clinically assessed, and their history was taken. The Structured Clinical Interview for DSM-IV Axis I Disorders (SCID-I) [25] [26] and with the BPS [15] and PANSS [14] . The psychiatric history was taken with the lifechart model [27] . Psychopathological assessment was performed by F.U.L., who had received extensive training in the scales.
Retrospective Course Typology
To generate a psychopathological course typology, we considered all obtainable data for each case, including the admission sheets (with history of present illness given by the patient and, if present, by relatives, mention of police reports or doctors' referrals, and a thorough psychopathological description), the therapists' progress notes, and all discharge letters. Data obtained on the index admission (psychiatric history and psychopathological data) were also used.
We tested each piece of psychopathological information to examine whether it pertained to one of the three BPS domains (language, affectivity, motor behaviour) and, if so, whether it showed inhibition or disinhibition according to the operational definitions of the BPS [15] . By combining all the above information we were able to comprehensively assess the BPS ratings of each psychotic episode. If at least one of the domains showed both polarities over the course of the observation period, the case was labelled as having a 'bipolar course pattern', which is not the same as a diagnosis of bipolar affective disorder but merely describes that we found both inhibition and disinhibition in at least one of the domains over the course of the observation period. If one domain was predominantly affected, the case was labelled a pure case. If more than one domain was affected, the case was labelled a combined case (two domains) or a mixed case (all three domains equally affected). We wrote case reports to illustrate some of the subtypes (see Results).
In addition, we applied the traditional typologies for course and outcome of schizophrenic psychoses. In accordance with Watt et al. [12] , we classified the course as (i) single episode course, (ii) episodic course (with full remission between the episodes), or (iii) chronic course. Using the concepts of Gerd Huber [7, 8, 9] , we divided outcome into (i) full remission, (ii) uncharacteristic residues, and (iii) characteristic residues. Finally, we classified all cases according to Karl Leonhard [10] as (i) cycloid psychoses, (ii) unsystematic schizophrenias, or (iii) systematic schizophrenias. Two psychiatrists (M.E.W. and M.J.) performed the retrospective ratings independently. Table 1 shows the pathological subtypes (bipolar or unipolar) of our patient sample according to the systemspecific approach of the BPS. The great majority of cases (n = 86) showed a bipolar pattern of symptoms over the course of the disease. Patients with a bipolar disease course had been in treatment longer than those with a unipolar course (9.2 vs. 5.6 years), but the difference was not significant (t test: 0.121). Fourteen patients showed a unipolar pattern of symptoms, and 13 of those 14 patients showed abnormalities in the affectivity domain, all of which were towards the inhibited pole. The polarity of language and motor symptoms was not as uniform and varied from case to case: 2 patients showed an inhibited language domain and 3 a disinhibited language domain, and 4 patients showed an inhibited motor domain and 3 a disinhibited motor domain.
Results
System-Specific Psychopathological Course Types
The motor domain was found to be affected in the majority of cases (n = 76), followed by the affectivity (n = 63) and language (n = 46) domains. Only 39 cases were rated as pure types, 37 showed a combination of two domains ('combined types') and 24 showed a mixture of all three domains ('mixed types'). Among the pure types, the motor-dominant cases were highest in number (n = 20), whereas only very few cases were language dominant (n = 3). Among the combined types, the combination of language and affectivity was rare (n = 5), whereas symptoms in the motor domain were frequently associated with the language domain (n = 14) and the affectivity domain (n = 18). Age and duration of treatment did not show any significant correlations with the domains affected or with the number of domains affected (data not shown).
All patients with schizoaffective disorder (n = 13) showed a bipolar symptom pattern. Three of the cases were pure (motor dominant n = 2; affect dominant n = 1), 4 were mixed types, and 6 were combined types.
Case Reports
To exemplify our qualitative approach, we present three case reports that show different aspects of our typology. Cases 1 and 2 are examples of a bipolar course, 400 the most common in our sample, and case 3 reflects a unipolar course. Cases 2 and 3 show pure types that exhibit psychopathological symptoms in one prominent domain, whereas case 1 shows a mixed type in which all three domains are affected. Note that also the 'pure types' contain psychopathological symptoms in domains other than the predominant one, but these symptoms were less intense and less frequent. In case 2, symptoms from the motor domain were always present and exhibited both quantitative (hyper-and hypoactivity) and qualitative fluctuations (mannerisms, bizarre gait disorder). These symptoms are mentioned frequently in the medical records and are the primary target of treatment. On the other hand, although formal thought disorder and fearful affect are mentioned, they do not show the same intensity or frequency as the symptoms from the motor domain.
Case Report 1: Mixed Bipolar Subtype Mrs. S. is a 52-year-old woman. She was first diagnosed with schizophrenia at age 19, when she was brought to our psychiatric service by the local police. On first admission, she showed severely incoherent speech, reported hearing a voice of undetermined sex, and had religious delusions. Her affect was fearful and dysphoric, and her psychomotor activity was at first highly excited with aggressive behaviour against staff; on the following day she developed a catatonic stupor. After receiving first-generation antipsychotics and occupational therapy, she was discharged in an improved condition to continue her apprenticeship as a dental assistant. She never finished her apprenticeship, and in the following years was repeatedly readmitted with a range of symptoms in all three domains, including psychomotor inhibition and excitement, feelings of fear and depression and feelings of grandiosity (being Jesus, being the centre of the world) and love, and disinhibited and inhibited speech. For the past 1.5 years, she has been stable on clozapine, living alone, adequately caring for her household and two cats, living on an invalidity pension because of her schizophrenia, and seeing a psychiatrist at least every 3 months. She is slightly fearful but has no detectible delusions or disorders of perception. She shows a minor disturbance of concentration and some social withdrawal.
Case Report 2: Bipolar Motor-Dominant Subtype Mrs. K. is a 48-year-old woman. Her first hospital admission and diagnosis of schizophrenia was at age 30, although she had already been seeing a psychiatrist for 3 years because of unusual behaviour such as taking long walks at night, from which she was sometimes brought home by the police, and (often repetitive) actions that did not seem to make sense. On first admission, she showed a formal thought disorder, delusions, a fearful affect, and reduced psychomotor activity with mannerisms, so that even simple activities of daily living such as changing clothes became difficult. In the hospital, she developed a gait disorder that faintly looked like a spastic paresis of the right leg but without any neurological finding; the gait disorder improved with clozapine and worsened when the dose of clozapine was reduced. On second admission (via emergency room) she showed a remarkably reduced motor activity and lack of drive, her speech was slow and somewhat circumstantial, and her affect blunted. Although she seemed suspicious, no delusions or disorders of perceptions could be detected on admission. She showed a loss of hand extension on the right side, probably due to radial nerve palsy after lying on a park bench (without any detectible influence of alcohol or drugs, more likely in a catatonic stupor). On the third and fourth admissions, both in a psychotic state, she showed increased motor activity: before the third admission, she had been picked up by police in a park where she had been seen roaming around. When included in this study, she showed reduced motor activity and a loss of drive.
Case Report 3: Unipolar Affect-Dominant Subtype Mr. S. is a 40-year-old man. His first hospital admission and diagnosis of schizophrenia was at age 26. He grew up with his grandmother because his mother also has schizophrenia. He was brought into psychiatric treatment by the police, who had been called by the patient's grandmother after Mr. S. had locked himself into his room with several knives and threatened to kill everybody entering his room. He was suspicious and frightened and reported that he felt threatened and persecuted. Later on he reported having a microphone implanted in his throat which was used for eavesdropping and which also emitted sounds and voices. His language was somewhat inhibited and his drive reduced. He had had some suicidal thoughts, saying he wanted to kill himself before being killed by those who persecuted him. He was discharged in a better condition after 2.5 months but was repeatedly readmitted in the following years, always with delusions of persecution and delusions of influence, paired with fright and suspiciousness. The motor domain (loss of drive) and language domain (inhibited language) were also slightly affected, but in the 14 years of medical records we examined no domain ever changed polarity. 
Association with Traditional Course Typologies
Because our concept is built on pre-existing typologies, we looked for overlaps with similar and different concepts. According to the concept of Watt et al. [12] , the great majority (n = 80) of our sample showed chronic impairment (stable or increasing); 13 had an episodic course and 7 a single episode. According to the concept of Huber [7, 8, 9] , 20 patients were in full remission, 27 showed uncharacteristic residues, and 53 showed characteristic residues. Finally, according to Leonhard's classification [10] , 52 of the cases were unsystematic schizophrenias, 28 systematic schizophrenias, and 20 cycloid psychoses ( tables 2 , 3 ).
We compared our typology with pre-existing concepts and found that most unipolar types fell into Leonhard's category of systematic schizophrenias (12/14) and most bipolar types fell into the categories of cycloid psychoses or unsystematic schizophrenias (69/84). Although most unipolar types showed residual states according to Huber and chronic states according to Watt, the outcome of the bipolar group was more heterogeneous.
Discussion
Impact of a System-Specific Typology
The results of our longitudinal retrospective psychopathological analyses show the following: 1 The BPS, a cross-sectional psychopathological instrument, can also be applied in a longitudinal assessment that describes course patterns of schizophrenia on the basis of three psychopathological domains (language, affectivity, and motor behaviour) 2 The majority of cases had a combined or mixed pattern involving more than one domain 3 The majority of cases showed a bipolar pattern, alternating between inhibition and disinhibition in at least one domain 4 There was a considerable overlap with Leonhard's typology The present study used the dimensional system-specific approach of the BPS [15] to generate a longitudinal course typology of schizophrenic disorders. The idea of a typological approach traces back to the German philosopher and psychopathologist Karl Jaspers, who adopted Max Weber's sociological concept of 'ideal types' in a psychopathological context [28] . According to these considerations, each typology might be of heuristic value to reduce complexity, while the empirical 'reality' is likely to show some overlaps between categories. In fact, only 39% of cases were pure types, i.e. they affected predominantly one domain (language, affectivity, or motor behaviour), and even these cases showed some abnormalities in other domains, albeit to a lesser degree.
We found an overlap with Leonhard's system of schizophrenias [10] . He described cycloid and unsystematic schizophrenias as having a periodic and bipolar course pattern in most cases, while systematic schizophrenias show a progressive symptomatology. This is mirrored in our sample, in which most patients with cycloid and unsystematic schizophrenias according to Leonhard fell into the 'bipolar course' category and most patients with systematic schizophrenias fell into the 'unipolar course' category. In fact, our typology was inspired by the Wernicke-Kleist-Leonhard school, but in contrast [12] Huber [7 -9] Leonhard [10] Pure types Language dominant (n = 0) (n = 0) (n = 0) Affect dominant chronic (n = 6) uncharacteristic residues (n = 2) characteristic residues (n = 4) systematic schizophrenia (n = 6)
Motor dominant chronic (n = 1) uncharacteristic residuum (n = 1) systematic schizophrenia (n = 1)
Combined and mixed types
Language/affect chronic (n = 1) uncharacteristic residuum (n = 1) systematic schizophrenia (n = 1) Language/motor (n = 0) (n = 0) (n = 0) Affect/motor chronic (n = 2) characteristic residues (n = 2) unsystematic schizophrenia (n = 1) systematic schizophrenia ( 402 to Leonhard's sophisticated and hypothetical constructs the present typology is based on the assumption that psychopathological symptoms in schizophrenia spectrum disorders can be reliably matched to three different, wellcharacterized neurobiological systems (language system, limbic system, and motor system) [15] . It therefore intends to bridge the gap between psychopathological and neurobiological approaches. A limitation of this study is that the same psychiatrists rated the domain-specific typology and the traditional typologies, so that some sort of rater bias cannot be excluded. Our comparison with Huber's [7-9] and Watt's [12] typologies of disease course and outcome showed that patients with a unipolar course tended to develop chronic symptoms, whereas patients with a bipolar course showed more heterogeneous outcomes. Because of the retrospective design of this study, however, such a conclusion is preliminary and needs to be tested in future prospective studies with a longitudinal approach. Nevertheless, the BPS as a cross-sectional instrument has been significantly correlated with global functioning [29] , and a systemspecific approach -including the domains language [18, 19] , affectivity [20] and motor behaviour [21, 22] -has been linked to meaningful neurobiological findings.
In our sample, the language domain was least affected (relative to the motor and affectivity domains) and was rarely affected in isolation. Pathologies in the language domain often showed a co-occurrence with pathologies in the motor domain. This finding has been described previously in a different sample [15] . Even though our use of the BPS allowed us to conceptualize the symptoms of its different domains as belonging to anatomically and functionally segregated brain systems which might be unequally affected by maturational deficits, we know that these brain systems are interconnected [30, 31] . At the climax of psychosis, one brain system might then drive others into abnormal excitation, generating overlapping symptomatology. A possible approach to interpreting the high co-occurrence of motor and language symptoms could be to consider spoken language as an executive function which relies on a highly specialized part of the voluntary motor system, whereas behaviour mediated by the limbic system mainly relies on involuntary, subcortical movement patterns and the vegetative system.
Bipolar Course
Patterns Surprisingly, 86% of the patients with schizophrenia spectrum disorders showed a bipolar course in at least Table 3 . Bipolar subtypes compared to traditional concepts Watt et al. [12] Huber [7 -9] Leonhard [10] Pure types Language dominant episodic (n = 1) chronic (n = 2) full remission (n = 1) characteristic residues (n = 2) cycloid psychosis (n = 1) unsystematic schizophrenia (n = 2) Affect dominant episodic (n = 1) chronic (n = 9)
full remission (n = 1) uncharacteristic residues (n = 6) characteristic residues (n = 3)
cycloid psychosis (n = 1) unsystematic schizophrenia (n = 7) systematic schizophrenia (n = 2) Motor dominant episodic (n = 3) chronic (n = 16) full remission (n = 3) uncharacteristic residues (n = 5) characteristic residues (n = 11)
cycloid psychosis (n = 3) unsystematic schizophrenia (n = 15) systematic schizophrenia (n = 1)
Combined and mixed types
Language/affect episodic (n = 1) chronic (n = 3)
full remission (n = 1) uncharacteristic residues (n = 1) characteristic residues (n = 2)
cycloid psychosis (n = 1) unsystematic schizophrenia (n = 2) systematic schizophrenia (n = 1) Language/motor single episode (n = 1) episodic (n = 3) chronic (n = 10)
full remission (n = 4) uncharacteristic residues (n = 3) characteristic residues (n = 7)
cycloid psychosis (n = 4) unsystematic schizophrenia (n = 7) systematic schizophrenia (n = 3) Affect/motor single episode (n = 3) episodic (n = 1) chronic (n = 12)
full remission (n = 4) uncharacteristic residues (n = 4) characteristic residues (n = 8)
cycloid psychosis (n = 4) unsystematic schizophrenia (n = 6) systematic schizophrenia (n = 6) Mixed single episode (n = 2) episodic (n = 3) chronic (n = 15)
full remission (n = 5) uncharacteristic residues (n = 1) characteristic residues (n = 14)
cycloid psychosis (n = 5) unsystematic schizophrenia (n = 12) systematic schizophrenia (n = 3)
Psychopathological Course Typology one domain. This number might even underestimate the actual incidence of bipolar courses, because patients with a unipolar course history had shorter observation periods. In any case, this result supports Leonhard's observation of bipolar symptomatology in many psychoses, in particular in cycloid psychoses and unsystematic schizophrenias [10] . However, we found bipolar patterns even in patients who were classified as systematic schizophrenias according to Leonhard's classification. The present results raise the question of how bipolar symptom patterns are influenced by pharmacological interventions. One could hypothesize that antipsychotic medication might cause an inhibition of different neurobiological systems, with state-dependent effects. For example, neuroleptic-induced parkinsonism can be regarded as inhibition of the motor system. However, bipolar symptom patterns and motor abnormalities were already described in the pre-neuroleptic area [10] , so that it is unlikely that bipolarity can be explained as a medication effect, especially because it occurs in patients who receive a stable medication regime without changes in medication or dosage. In any case, pharmacological and psychological interventions will profit from deeper insights into the nature and dynamics of individual bipolar courses of schizophrenic disorders. Finally, the question must be clarified as to how schizophrenic disorders with a bipolar course can be distinguished from bipolar affective disorders reliably and with clinical validity. Another interesting finding was that almost all patients with a unipolar course pattern showed an inhibited affectivity domain. This finding, if reproduced in further studies, should be considered in terms of neurobiological concepts and therapeutic strategies.
Nosological Considerations
On the basis of DSM-IV criteria, we identified 13 patients with schizoaffective disorders. These patients showed a bipolar course. However, a bipolar course was much more common than the diagnosis of schizoaffective disorder, and patients diagnosed with schizoaffective disorder displayed, according to our proposed system, a heterogeneous pattern of system-specific subtypes (motor-dominant, affect-dominant, combined and mixed subtypes). There are voices that challenge a nosological identity of schizoaffective disorder [32] and rather support its inclusion in a comprehensive concept of psychosis. In fact, neurobiological data suggest a strong overlap between schizophrenia and schizoaffective disordermuch more than with bipolar affective disorder [33] and sociodemographic and clinical measures suggest an intermediate position of schizoaffective disorders between bipolar affective disorder with psychotic symptoms and schizophrenia [34] . A system-specific typology of psychotic disorders might have some advantages, at least for research purposes, over a diagnostic division into schizophrenia on the one hand and schizoaffective disorders on the other.
As yet, it is not possible to identify 'real' psychiatric disease entities in terms of Emil Kraepelin [35] . Nowadays, most authors favour a dimensional approach with a continuous spectrum of psychopathological symptoms. Some biomarkers seem to change over the course of the disease, which emphasizes the importance of research on psychopathological courses [36] . However, the identification of psychopathological course types within such a multi-dimensional spectrum of symptoms should be considered as a heuristic instrument. Such an instrument might be helpful for both further research activities and clinical practice. A different approach currently being discussed in the field of psychiatry [37] is that of the Research Domain Criteria (RDoC) proposed by the National Institute of Mental Health. There is a growing research matrix [38] with five domains of functioning (negative valence, positive valence, cognitive systems, systems for social processes, and arousal/regulatory systems) that tries to incorporate knowledge independent of established diagnoses, ranging from molecules to behaviour. There are overlaps between our system-specific approach and the RDoC, for example between the negative valence system (RDoC) and the negative pole of the affectivity domain (BPS). Both are designed primarily for research activities. However, our approach is only meant as a subclassification of schizophrenic psychoses and might be seen, on a much smaller scale and only in some aspects, as complementary to the RDoC approach.
Limitations
The present study has several limitations. All patients were recruited as inpatients from a rural psychiatric department in Southern Germany. Consequently, the sample is not representative for two reasons: (i) inpatients usually show more severe symptoms than outpatients, and (ii) patients from only one site do not reflect geographical differences (e.g. urban vs. rural environment).
Medication affects symptoms, and most patients in our study were on medication. Because most data were collected retrospectively over a long period of time, it was not feasible to control for medication effects.
In the present study, data were obtained from one cross-sectional psychopathological examination, and lon-gitudinal data were assessed retrospectively. However, we included decades of well-documented case descriptions and believe that we had access to robust psychopathological data. While polarity of symptoms could be operationalized with the BPS, it was largely left to clinical judgement to rate which domains were primarily affected, after scrutinising all available psychopathological information. We did not calculate interrater reliability for this process. Threshold definitions for future prospective studies might take into account the global assessment of the BPS domains. Future, prospective longitudinal studies using a system-specific approach (and administering the BPS regularly) should test the hypotheses proposed in this paper. Such a study is currently being conducted by our group on the patient sample included in this study.
Conclusion
In the present study in a sample of 100 patients, we used a system-specific approach to subtype schizophrenia on the basis of the psychopathological domains language, affectivity, and motor behaviour. Most cases showed a bipolar course pattern in at least one of these domains. Sixty-one percent of cases showed psychopathological abnormalities in more than one domain.
